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The Los Alamos Fourie?-transform spectrometer: applications to molecular spectrosf, opy

9 yr?r A. PUlnOr a:d Robin S. Mc90we::

,.-.,....- .er SL:y af :a::for-la, 2.CS Alamos Nat:c~,a: :aicra:ary,
:08 .ALamos, Saw U,XiCO 0?545

“n”e .-. des:qn ronsldmraclona and oparatinq charac:ar:st:’-:.-. 1:s of :5.M LJs
Ai~:OS Fobr:ar-cransfom spactrom.t.r, a stata.of-tha-ar= ;n=rr,Jnarz ~Fer-
3::;q from 2CCI r,m to 20 ~rn Ulth a rasoluclon of 0.C1926 cm ard ~:mry ?.:qk
“ a.:. ::m.bor ar.d ir.terslty accuracy. Rmcent work in moloc~~:ar spec:rasczpy
:~rr:ad OU: with Ch:s ~nstrumant WL1l ba dlacussad, Lncl’udlnq N,” spoc:ra
:E:3:7.ad 17 :nductlvmly-couplod plamaas: high-tamparaturm
:Lrl:om::

sp-ac:za Gf
molac’uiss of astrophymlcal lntormst; hiqh-ramoluclon rovlbrat:ana:

s.-.-..9 struccuro; and Fcurimr-transfom Raman mpactrogcopy of SDaClag ;7.

exFar,slon-coo19d qa8_8.

: ,N RoDCn~,-
*.

Tho 20S Alamos Fouriar-transform 8pactro-
natar” P,as bean demlgnmd to oparata from 200
7.m :n thm ultrmvlolot to 2G .m ●nd bmyond Ir,
:ha m.?-lnfrarad, with a rmaolution of
- C026 CU” !L.o.,-. rosolvlnq powora of LO: to
1-,.“; and vary hLqh wave nuuar and lntanalty
accuracy, :ha :nmtrumant ham baan opera-
:~onnl Ln the VJ , vlslbla, ●nd near IR
rmqlonm for ovmr ● yaar &nd rmcmntly ham
ach;avmd cull lnfrarmd opmratian. Thi8
Fapar wIL1 disc’:ss tha damlqn ●nd charactar-
:St:cm of tha >8 AlaBos FTS, and ,Omm
racanc raaul:s Ln th~ rocordinq ●nd ●naly8jm
cf moiocu:ar spactra,

2, LVsT~ v-

:F.m LOD A:amos lnstrumonc vaa damlqnad along
E:,, sama Linas aa the l-macmr rapid-8can ~$
at tha McUaCh Soiar T61ascopa of Klzt Paa)C
!4atlonal 0b8ana:ory,J Tho optical ●yotam
:s shown in Flq, i. It is ● two-arm foldad-
Fa?k) HLCha~SOn lnt9rfmrORmt9r with tWO 80V-

:ng 8-:n (20-cm) cat’a-ayo rofloctoro, ●acr.
‘wlch ● par~bciic primarf ●nd a saconda~
n:rror ac tha focal p?lnt of tha prima~,
-.,,, ● C&t’#-oyem ara in80nsitivo to minor
tilts of tha aasam.bly, so thara is no naad
?3r fraquont dynamic ●lignmmnt am la
raquir~d with othar intorfaromotar mirror
Sfstama. ‘TO con8awa ●F:Ct, tha optical
pc:h i- foldod uming cwo s-in Clat mirrors.

:5. baam Spllt:ar COnSiOtS of two partiallV
rcr:acclnq places mountad ona ovar tha
:t?.ar, tha top one dividinq tha incoming
taam and tha botton one rocombAninq thm
baams afcor raflcction from tha cat’m-oyca.
Thasa plata8 ara mounted in ● rotatinq tur-
ret that holdm ?hrsa sat- of baamaplittaro
●nd allou8 ●any malaccion of tna 8mt appro-
prlata to tha wavolanqth region bainq ●tud-
;md. Tha opclcal arranqamant providar a

:hOLCO of two beam inputs, one (c/44) at cha
●nd of cha Lnmtrumant, and tho othar (f/22)
●t the slda; two outputs co tha datactorm

are ;zcatad ●t tha front.

-L.,, Ca?’n-aya roflactors ●rt movmd on 011
bg:r::qa by :.nsar ❑ otorm at covntant spaod,

. .

Each rafloctor carriage ham ona flat ard two
cylindrical bmarlnqm, which ara suppliad
with oil pumpad from a rasorvoir. Tho Oil
tubinq and nccaasary ●loctrlcal cables ara
flaxlbla ●nd ara connected to the novinq
●maatiliam throuqh ●winqar arms. Each mir-
ror travels 1.15 m for ● total optical path
diffarancm (retardation) of 2.1 mm Therm ii
provision for dou.blo-paaolnq ●ath lntarfar-
omatar am to dou.bla this r~tardatlon, but
thlm ham noz ymt bmen implamantad.

Fin@ motion control is providad by pi@;o-
●lactric ●lomcnto on the ●acondariaa of tha
ca~’m-mya raflactorml theme qivo ●mpo fro-
qUanCy r8mpon8m up CO 4 kHZ, CGnaidar&bly
rmdu,::inq memo ● rrorm . Thm ●aflo ●ymtom
●mployc a ●tabillzod Za9man-9pllt Ha-he
lamer, whosa output 18 divldad by tha baam-
●plittcr, with ana OC tha two orthoqonally-
polbrizad Zaeman componantm (Saparatad in
fraquoncy by 1.6 MHz) •~loctad by ● polar-
izor in ●ach ● rm. Aftmr travaralnq tha
intarfaromater ●oction, them, baamn ●rm
recombined ●t the beammplittar ●nd tha baac
:raquancy 18 datactad.

Tha ●amo ●yatam controls cha mirror pomi-
tionm to within I A, uninq thraa fraqumncy
synthsaizarm. One controls tha la8@r Zeeman
●plicting, on. controlm tha carriaqo posi-
tion, ●ad ona providmm pul;am for tha A/D
convartar to oamplc tho intorfmrugram. Thm
Zaaman fr8quency 10 monitorad by comparing
tha mnatar fraquancy with tht beat fraquancy
of tha lamsr ● t Lha lj~or hsad) tha raaulc-
lnq ● rror siqnal contloL8 ● solanoid that
chanqam tha maqnatic fi81d around tha la89r,
and thum tha Zeeman splittinq. Tha baat
fraquancy of tha racom.binad baamm ic com-
par-d with tha sacond control frtquancy: tha
●rror siqnal drivss tha linaar motors and
tha piazoolsctric ●19msnt8 in tha cat’s-
●yaa, To mova the carriaqam, thm control
Craquancy la chanqad from tha mamtor fra-
quancy kv tha frlnga r~ta, f,.

ThiP ■y-tam hma ●ovaral ●dvantaqea SLnca

tha fialWO syatam ● rror 18 updatad at the
Zeawan fraqumncy and not tha frlnqa rata
troquancy, full sor-fa ●ccuracy 1s achlavod
●v9n whmn the mirrors ● re stationary. Fur-
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Figure 1. Optical systam of tha
Los Alamos Fourlmr-tranatorm spoc -
tromater, showing tha cat’s-mya
reflectors (a), beam splittar tur-
ret (b) , foldina mirrors (c) , col-
limating optics- (d), and ’detector
optics (a).

thmr, the mirrors can ba movad at any upaad
that thm fraquancy synthaaizmrs can provida,
from tha mlnlmum of 1 mHz to tha maximum of
2 KHz loss tho Za@man frq’uancy (1.6 MHz),
or 400 kHz. An important advantaga for vis-
lbl~ FT3 work is thg ability to smloct
almost any frmm spsstral rangm (FSR) ,
bmcaumo thm FSR is dmtmrminmd by tha frinqm
rata f and tha sampling rata f,, whsra f, im
dmrlvs~ from tha third froquancy 8yntha-
sizar. Thm fro~ spectral ranga ia

FSR = oCf,/2f,,

whsrs U, is tho Lasar wavo number. Tho maX-
lmum samplo rata is datmnzlnad by tho maxi-
mum rata at which tho data can be coaddad
and stor~d to disk, prcsantly 5 kHz.

The digitizing ●loctronics havo ● n ●ffmctivm
22-bit dynamic ranqm (4 x 10a), providmd by
savan :’-bit A/Q convartarm ●nd swan ranqa
amplif: j, ●ach diffarinq by a factor of
two. s..: intorfarocjrampoint has ● 16-bit
mantis8a and a J-bit wtponmnt. Sinoa tha
Individual Convartora and ranga ampllf10r9
can navar ba parfactly ❑atchad, w, u8@ an
la-bit D/A converter to calibrata tho A/D
convartarm, allowinq us to corfact th~ con-
vortad data for diffarinq off80t8 in ●ach
convertmr and for ths diffaring gain in ●ach
converter/amplifiar. A digital filter in
tho syetom ●liminat~s noisa from frquoncion
o’u:slde tha raqion of intoroot, ●surinq
full 22-bit ●ccuracy.

~p,. inmtrumant 18 mountad on ●n optical
:abla chat 10 muppcrtad by ●ir baqo and
aatomatic lavaling davicoo. Tho ●ntira
assambly is contsinod in ● 14x7-ft cylindri-
cal vacuum tank. All important optical ●l@-
mentu can ba adjustad ●xtarnallyi

:ha FTs is housad in ● ●pacially do8iqn@d
142Q-aq,ft, buildinq thtt conwlna, in ●ddi-
clon to tha real: spoctromatar labor-tory,
qmallor rooms for ●cttinq up ●xporimonts, ●

‘computer room, and offica9, Adjoining tha
●poctromotor room la ● radiation laboratory
with a qlova-box train havinq an optical
port with acceaa to Cho inntmmont, ●nablinq
radloactiva liqht -ourcas to be ●tudiad
wkthout danqer of contamination, Provimion

bae baan made for a roof-mountad holiostac
for oolar ●nd ●tmompharlc ●pactroscopy.

>1 DA~

Tha samo computar acquires and coadds tha
data from tha A/D convartor symtam. us nor-
mally racord doubla-aidsd intarfaroqrams for
bottmr ●ignal-to-noiaa ratiom and to ●!.ini-
nata potantial phasa problams. At tha ●nd
of ●ach run, tha intarfarogram 18 trane-
farrad to a 14acinto8h computer for proca88-
ing, using the coolay-~koy faint Fourier
transfon (FFT) algorithm. A l-million-
point transfom in doubla praciaion now
raquiros 21 minuta8j ● full 4-million-point
transfon (tho prmmnt limit, datoninod by
disk storago) Cakon 1 hour 34 minutas.

Tha sp@ctra can than ba ●nalyzed using pro-
qrama dovalopad at Los Alamo8 for Macintosh
computarm. Capabiliti@m includa ●pactrum
plotting, lino filo gonaration uainq •~v~ral
diffmrant line-finding ❑athoda (includinq
fittinq tho lin- profilo to ● Voiqt func-
tion), ●nd intarmctlv@ lina Silt ●ditinq
with ●imultanaoua dimplay of tha spactrum
●nd tho fila of lins fraqusn=las. spatial
optlonm includa ●pactmm subtraction: intan-
sity correction usinq an intensity calibra-
tion tuna datorminad from ● scan of a 8tan-
dard light nourcs) and ●xporti~q ●poctmm
filaa in formats compatible with othar com-
putsrs.

Tha daaign qoa18 ●nd prasant ●tatua of tha
Lm Alamoa FT9 aro wmmarizsd in Tablo 1.
Tha Lnntrumont haa met or i. van ?1OEO to
❑ooting almott ●ll of its damiqn ●pacLfica-
tionm. A faw of thama dsmoma opacial com-
mant:

The lowar ●pactral ranqa qiv~n in Tabl@ 1 la
tha ●hortsct wavclanqth obaarvad to data,
that of ● Ca lina in ● hollow-cathodo dim-
charqs. Tha Lonqamt wavalanqth was obs,mad
Whila ●xamining filtarm in tha IR d~toctors
with a Globar sour’ca,but apactral absorp-
tion linaa havo ●lao baan r-cnrdod At nearly
those wavalanqthm (CO: at 19 ~m)

Spactrtl ramolution is of courns datsrminad
hy the maximum optical retardation and all
taots hava indicatad that tho inatrumrant
parfomm so ●xpactad in thin raqard. Ficfura
2 ahowm a ramolutlon to8t on ● portion of



able 1. LOS Alamos FTS Status and Desiqn Goalsi,rrert Desian
Spmctral coverage Goal

C.21 - 18.5 ~m
Resolution,

0.20 - 20+ .m
singie pass 0.0026 cm”.

Resolution,
0.0026 cm,

doubie pass NA 0.0013 cm’
Sample rate f. 5 ‘*Z 5 Jdiz
2ata fringe rate fe lo kHz 10 W-lz
Servo error 1-5 mt!ringe 1 infringe
!?axlmum transfon size 4H 4N
A/3 amplifier noise level 20 AV
S N ratio

20 .V
Lo’ - 10’ 10” - lo~

Wave number accuracy -0.0005 en”: 0.0001 cm:
v a- acv ? 0,1 %

ass 29;0

Ww.NumOo?, an”’
Figure 2, The P(6) manifold of the U,
stretching fundamental of CH,. Samplo prcs-
sura 1 Torr.

the methana fundamental orlg~natinq at 3019
cm”. Tha resolution calculated for thla
run wan 0.0054 cm”~. rha only lina-broadan-
lnq m@chanism ●ffactivo at this 10V pra98Llrc
1s that dua to tha Do~plar ●ffact, calcu-
lated to ba 0.0092 cm’”. Taking ths root-
sum-sguare of tha instrumental ●nd Dopplar
wldtha ylolda an ●xpcct@d fwhm of 0.0107
cm’, which comparaa satisfactorily with
measured linewldths o~!0.011 t 0.001 cm“’ in
Flq. 2.

The servo ●rror increase8 with ft bacaumo of
the lLnoar rectors,which arc two-phasa ●nd
have dips in the powor lavala corresponding
to the magnet period. For vluibla ●nd W
work, f, is ●mall ●nouqh that tho earvo
●rror 18 lcse than 1 millifrinqs. In th~
infrared, f, incraas-s, ●s doom tha ●rvo
errer, but the resultinq ●rror in tho intar-
:erograzu act’ually docraasos, W@ thoreforo
have no planm to try to Lmprov@ tha eeno
error. Tho eamplo rate f 18 d@tormin@d by
~~e coaddinq ●nd disk ●ccak$ th@S ●nd co’~ld
be Lmproved with faater disks red/or faetsr
Frocaasora,

The wav@ num.hr acsuracy wam ●mtimatad by
zompar~nq tha visib:a ●poctrum of ● uranium
Rol:uw-cathode :amp botw~an 20,000 ●nd
26,000 Cm’ (185 - 500 nm) with lina poei-
Cionm in tha standard uranium atlas.’ Tha

estimated accuracy of the atlas data is
0,001 cm”~ aa determined by wavemeter mea-
surement and by ●nergy-level fitting from
the obsarved wave numbers. Measurement of
some 200 lines raeulted in a standard davia-
tion of fit between atlaa and FTS data of
0.00067 cm”l, Considering the line-finding
methods used and elm signal-to-noise lavels
in the two data ●atm, this is approaching
tha theoretical limit for the accuracy.
Furthar meaeuromenta of line fmquencios
will be made in the infrared, where 8tan-
darda of higher precimion are available.

We have yet to check carefully the inteneity
accuracy, ●specially the zero line in
absorption sp~ctra. UC hope to approach
this problem in coming months.

Table 2 lists the boamnplitters and dstec-
tors that are currently in use.

WC will now discuss some results in molecu-
lar Spcctroecopy that have been obtained
ovsr tha past year um~ng the Los Alamoa FTS.

L&+ ~l~ULXwUUM

H@lium inductively couplod plasmas are use-
ful for tho ●en8itive dotoction of ●lements,
●specially those with r~latively high ion-
ization potontiala. Diatomic nitrogen (ae
Na or N1*) in a convenimt temperature indi-
cator in such plasmas.b The firmt negative
band of N“ has saveral ●dvantagaa f~r such
usa: tho 10,0) bandhead ●t 391 nm ie in an
●aaily ●ccesaiblc spactral reqionl the Q
branch is very weak, reducing the lino d@n-
●ity rolativa to that in tho N oacond posi-
tiv~ ●arias (which ia ●lso usa~ ●s ● tempar-
●tura probe) I ●nd tha rotational structure
can bc ●daquatoly resolvod at modoratc reso-
lution (<0.2S cm”’).

This work ●mployod a He-ICP torch desiqned
for htgh ●fficiency ac low flow rates and
described in detail ●lsewhora.b With nltro-
qen in the flow, tha oIIly atronq ●mission
from 2S0 to 1150 nm la in four bande, all in
tha naar ultravlolat ●nd due to molecular
nitroqent

—~~
,s+!wl.-x~ax.l

— ..—.-

- VIS (200-@OO nm) Ag-coatad Supraall
——

1P28A photomdltipller tu~e

iliar IR (0.8-2.5 “m) Ge-coatad CaF~ InSb
!MJLGA9-20 al ●-coa~ &242wsL. - ...
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N.” i!iG: B% ‘-)(2S . (()-o) (Haad at 3914 AI
N-; 2PG : C’t: -B’11’ (0-2) (3804 A)

‘ (r-l) (3577 A)
(o-o) (3371 A).

Twenty scans of thtaa bandn waro mad, in 1
hr 17 rein, ●ach with 889,219 points, zaro-
f:ll.d to 2JJ (l,04e,576) poin~o;ormtfans-
Cormatlon. Tha rasolucion, . , i8
sub-Doppl@r for N: ●t plasma tamporaturas.
Thm spmctrn nro unapodizad.

Tha first nagativa bandm of N. war. choamn
for ●nalysis. fThamo ara wa 1 known from
;aborato~ and ●stronomical spectra
(ospacially in twilight ●mission, auroras,
and comot tailm).: Dick ●t ●l.” pho-
tographed thama bandm Gn S-m and 9,15-m vac-
uum grating spaccroqraphs ‘uminq a hollow
cathoda nourcm, ●nd roportmd froquoncion
with a prmcision of O.oi cm-’. Tham@
rasuits wara analyzad by Gottmcho ●t ml.,’
who conmLda;ad the ●ffacts of t!!a pafiurba-
t:on batvaen tha BIz ‘ a~d hall, 8tatM (tha
c.,-.,” ●zata did not hava t.>ba considarad).

Tha P branch of tha Nl” lNG is ●hewn in Fig.
1. Tha band oriqin im cff tho illustration
to thm riqht: ?-brarich lina8 baginninq with
P!L) ●xtand to lowmr frquancias, fom ●

Figura 3. TP.e P branch of t~o H:”
firnc naqat.ivagroup.

bandhmad at P(L2-14/ , 25539.9 cm”’, and
rwarso direction. For P(16) and highar tha
dou.blot splitting is apparant. Tha alterna-
tion of lino intanslty (mvan:odd = 2:1) dua
to tha nuclear spin ●tatisticm im un.mi8tak-
abla in both branchss. Sincm tha ratio of
intanmitiam in thm P:Q:R brancham ia, to a

first ●pproximation,’ (J+1):(2J)”’:J, tha 9
branch i8 not ●violent.

TtIsanalysis of thim band 1s aummarizad in

Tabla 3. W@ unod a laaat-aquaras fit of
combination diffmrancam for the dou.blat-
split tramitionn K - la to 36 to dotszmino
tha rotational conmt~ntu 6 ●nd tha
centrifugal distortion conatantm D in tha
uppar ( ‘) ●nd lowar (“) ●catos, ●nd for tha
diffarmncm batwaan tha spin-rotation
couplJnq constants T for tha two 8tat88.
Tha band oriqin ~, wan found frem a poly-
nomial flt of tha unrosolvad Cranaitionm K =

o to 7.

Tabla 3 show- tha rasultm ualnq our moamurad
frquancioa; tha conmcanta from ● ●imilsr
●nalysis of tha frquonciam of Dick ●t al.’;
●nd Ch, final Conmtantm givan by Gottmcho et
●l,’ from thalr daperturbazion analyrnis.
Tha lattar traatmant yialdm a numlxr of
●dditional constants: parturbinq tama in

Tablm ]. Ramults of Flttinq N1. lNG: Biz,’-X~X,” (0,0) (cm”;)

SimilOr fit — Gottscho ●c al,:
of data of daparturbation fLt

ML Dick ●t al. of Dick’8 dar.a
ti9S9) 11970) (1979)—. -

Polynomial fit (K ● O-7)I (K = 0-36):
-
. 25566.017(2) 25566.061(1) 25566.05(2)

Csmklnat:on diffarcncas (K = 18-16):

0’ 2.07511(8] 2.07482(S) 2,07431(4)

~11 L.9az3?(L) 1.92190(5) 1.92209(4)

D’ . kO” 6,78(5) 6.74(5) 6m2EJ(J)

-J,!, lo! 5.94(1) 5,.66(1)

1

5,90(1)
,,1,’- 0,2161(2) 0,0151(2) 0.0148

(+ porturblnq k

——-. ..—.— ._.—.- ...-----.-—— ..— ... ......ti~~gr EG -s).



Savaral lntarastlng Conclaslons can 54 drawr,
.r:m Tab:a 3. We nora :?,~t :ka ciepar::r:a-
::on 2i3e9 F.OC ~mprovo tkm uncarra::::as :?.
. .. . e qra,.l~d-s:aca cor.~:ant,s ~,~ a~~ 3** OV~r
.--.. a FeSUiCS obca~~,ed ?rom camblnatlon ci:f-
:ere.nces V:rh. t~,m FOr~Utkat.3n r,eglected.
-+,---- 9: s axpec:ad kaca:sa cp.a A-B lnccractlan
i~as not af:ec: :h.o qround Stata x. ?ho
uncortaln::es in B“ ar.d 3“ t!7us raflact the
axpar:manta; scactar lfl tha maasured fro-
q-2anz:9s. ThQ uncorcalntlas in Khasa c3n-
SCants ,Jsln$l tho L08 Alamo8 F?S data arm
slqn:flcantiy lass, and sugqasc that ours Ls
a baccor data get, at least in corms Or ral-
arlvm fraquancy maalurarnants. On thm othor
?and, rho ●xcLcad (B) state constantm B’ and

3“ ~ lmprov8d by tha doportarbatlon, as
ona would ●xpact, and tha uncartalntlaa in
Khaa, constantm as obta~nad from our data
would []rosumably dacrcasa slqnlflcantly with
such a trmatmont.

The band origin ~. obtalnod from our data
dlffmr~ by 0.044 cm from that given by Lhe
gratlnq fraquanclos. Thin raflacts a con-
slstant c~llbration d~ffmranca of that
amount batwmmn tha tuo data hots. Dick ●t
al.’ taok qraat cara With thalr calibration,
superlmposinq gtandard llnas crow an ircn
hollow cathoda on their plata~, Our rr9-
quenclam warm obtained Uning a dmrivativa
approach to lino findinq that ●hould bm

accurate to 1/100 of tha lina width, or bmt-
tsr tnan 0)001 cm’ for thasa lines. But
tha ●bsoluta fraquanclae war. uncalibrated:
v. ild not Lncluda any standard lines to
corzoct ror allqnmant •ffm~ s on the fra-
Cplan:las. In bny cama, Lt 19 worth notinq
t.-,at our fraqumnclam obta:nmd by dlroct
rmadout rrcm tht computor program, but with-
out any lpocial attanclon to calibration,
aqraa with a c~rafully calibrated data ●at
Cf the same b~nd to within one part in
580,900, and tha ●tatimticm of tha fit ●ug-
qamt that the 8catt9r in our fraqUOnC198 18
sLqniflcantly lass than that in tho ●arlior
Aacan

wm lntand to carry out ● Cull daparturbation
!Lt of thama data, 3ut ●ftar w, hava con8ld-
●rod tha calibration problom furthsr, w.
‘wL::●lso considar in moro dotall tha rala-
!lVO Lntanmitiaa of thena tranaitionm, thalr
zonalntancy with thaoratlcal pradictionm,
ant! thalr us. in dataminlnq the rotational
!amparaturm in pla8ma8,

%, FT. Laf-csQLED GMIL9

AS part of & proqram to study looosly-bound

rnolocular Comploxos, Jtgvan J. Buolow and
aavld M. Harradina of Lam Alamo. hava usad
tha FTS to record ~ouriar-tranufora Raman
spactra of qaaam coolad by ●uparmonic adLa-
bAtlc .Xpanslofi chrouqh ● nozzl-. spactra
of tnm Q branch of tha vibrational fund&mmn-
:al of N, arc ●hewn in Flq. 4, At a t6a0lU-
tion of 0.04 cm ●ll but ths lowast J val-

2320 2322 2324 2326 2328 2)30

12131.

2320 2322 2324 23?0 2328 2330

Wavonumbor(cm-~

Figur9 4. Demonntratlon of FT Raman spec-
troscopy of sxpansion-coolod .qam. Tha N, Q
branch at 233U Cm: as racordad vith ~r-
●xcitation at 408 nm; resolution ca. 0.04
cm”:, The upper panal shown Raman scatter-
ing from 475 TOrr N in a ●tatjc CS1l at 290
K; tho lowar =anal: that from N in ● jat
●xpanflion at <a, 40 K. Collocti~n tlm~ was
2 hr for both spactra,

Uae aro rasolvod, and tho 2:1 i~tmnelcy
alternation dua to nuclear spin statistics
in obvioun. In tha jat ●xpannion spmctrum
tho population has collapsod down to tha
lcwast faw angular momantum ●tatom. A fit
of the Boltzmann faCtOr tO thm lino lntmn8l-
tiam indicatom ● rotational tampalaturm of
about 40 K in tha ●xpandinq cjam.

.Sumnar P, DaviO and Mark C. Abram (Unlv@r-
sity of California, Borkalsy) ●nd Raymond J,
Winkol Jr. (United Staten Military Academy)
hava umad tha FTS to obmanm ●mimmion 8pac-
tra of diatomic sulfidas. Such molocula- as
CaS, YS, LS, ●nd CaS ar~ of astrophysical
interamt bmcauae thay may contribute t.o tha

spactra of moms cool (S-typa) stars.

In a typical ●xWrimant, M,:S, powdo~ w?-
haatod in ● King-typo carbon “furnaca to a
tamparatura of 220C”C. Cmi8mion from U5 in
tha vapor abova tha powdar wam focusod into

tho ●ntranCm ●part~ra of the FTS, and thm

Ipactrum recordad from 675 nm to 1,25 .Am.

Thm apact~ C16arly ●hovad fiva four-haadod
bandm batwaan 700 and 830 nm, flrnt i~antL-
fiad by Marcano and Barrow in 1970, In

fiddition, anothor ●ariam of mora Lnt8nsa

bandm, ●&ch having rour haada daqradad to

the rad, wag found at Lonqcr uavalangths, A
portion of the O-1 bandh8ad nmar 1 ~n is
●hewn in ~ig, 5.

Tho vibrational tranmitionm hava Eaan ldan-
tlricd, as shown Ln Tablo 4, uhlch llstm th-
loadlnq head in ●ach band, Tha 0-0 band-
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Figura 5. A portion of tha O-1 band of LaS at 2200’c. Rasolu-
~~~~ wao O.O16 cm-:, with ●iqht 8-minuta ●cann coadded. The
scala at tho top of tho figura is in A, that at the bottom in
cm’.

o-3 9i34
0-2 9587
0-1 1C041
1-1 1o452
1-0 10906
2-o 11116

hmad, axpacted at 10,495 cm”’, ‘Ja8 not
obsorvwd. Rotational analysis of thema
transltkons 1s in programs.

!aa ,

Th@ Los AIAMOS FoUriOr-trtnOfO~ ●POCtrO~.-

tar haa dmmonatratad itm cffoctivmoaa ●t
rscardinq hiqh-roaoluticn data of ●xcallont
quality throughout tho ultraviolet, vifiiblo,
and nmar Anfrarad regions. uo ●nticipate ●

cjraat incraasm in tho number of ●olocular
spactroacopy probloms ●ttack~d with this
Lnstrumont a- ita rqfion of routin- opara-
clon is ●xtandad into tha mid-lnftarod.

~mmx
Thi8 work va support-d bf tha Unitad Stata8
3apartmant of Enarqy, ●nd by Los Alamos
tiaclonal LaboratoW’m Chemical ●nd IAmsr
sc~ancao Divi810n. w. thank tha variou8

individuals cited in tha taxt for permitting
illustration and dimcuanion of data obtainad
for them, Invaluable halp in constructing
tha inatm.mant has baan providad by Douqlaa
E. Hof.

1. B. A. Palm@r, ‘Tho ba AlAmos Fouriar
Transfom Spactrommtmr,* Lom Alamos National
Laborato~ Raport LALP-65-16 (Auq. 1985).

2. J. W. Brault, J. Opt. Sot. Am. ~, 10.9L
(1976) .

3. B. A. Palmar, R. A. Kallor, and R.
Englaman Jr., ‘M Atlas of Uranium Emission
Intanaitiaa in ● Hollow Cathoda Discharge,”
Lo- Ala808 Scientific Uboratory R8port M-
8251-IM (July 1980).
4. T. J. Manning, B. A. Palmmr, and D. E.

Hof, Anal. Chain. Q, 1052 (19S9).
Harzbarq, ~

~QWQW
~, and cd. (Van NomtranQ Rainhold,
Ncw York, 1950).

6. K. A. Dick, U. Banasch, H. ~. CrOsa-
white, S, G. Tilford, R. A. Gottncho. and R.
w. Fiald, J. MoA. Sp@Ctr09C. M, 9S (1978) .

7. R. A. Gottmcho, R. W. Fiald, K. A.
Dick, and W. EMasch, J. Mol. SpKtroSC. ~,
435 (1979).

0. H. Harcano and R, F. Barrow, J. Phya.
~, L121 (1970).


